INTRODUCTION
============

Postoperative pain is one of the key causes of prolonged convalescence following surgery with general anesthesia.^[@R1],[@R2]^ Opioid-based PCA (patient-controlled analgesia) is well established and has been widely used for postoperative analgesia.^[@R3]^ Currently, the main challenge with PCA is to reduce opioid consumption to avoid any related side effects.

Anesthesia management, such as the use of new drugs, can modulate surgery-induced postoperative acute pain.^[@R4]^ Clinical and basic animal studies have reported that the highly selective alpha-2 adrenergic receptor (α2-AR) agonist dexmedetomidine has analgesic effects, and it prolongs the analgesic time of local anesthetics for up to 24 hours after dental and osteopathic surgeries.^[@R5],[@R6]^ The analgesic and opioid-sparing effects of dexmedetomidine have also been well described in previous studies both in adults and children.^[@R7]--[@R9]^ Our recent study also reported that intraoperative DEX had significant morphine-sparing effects in postoperative acute pain control patients following abdominal colectomy.^[@R10]^ Animal studies revealed that clonidine, another α2-AR agonist, produced significant antinociceptive effects in male and ovariectomized female rats but not in estradiol-treated ovariectomized female rats, which indicated that the effects of α2-AR activation might be influenced by sex.^[@R11],[@R12]^ Based on this evidence, we hypothesized that there might be sex differences in the intraoperative DEX-induced morphine-sparing effects in controlling postoperative acute pain.

METHODS
=======

Subjects
--------

This study was approved by the Institutional Medical Ethics Committee of Nanjing Medical University and Shanghai JiaoTong University and was conducted in accordance with the approved guidelines. Informed consent was obtained from all of the subjects. This study was registered at chictr.org (ChiCTR-TRC-14004313) on February 26, 2014, and was performed at Huai'an First People\'s Hospital. The sample size of the study was calculated according to previous studies^[@R13],[@R14]^ using free software ([http://www.statpages.org/\#Power](http://www.statpages.org/)) and was based on a pilot study. Twenty-one patients in each group were required to detect a difference of "1 over 10" in the VAS score (primary outcome) with a power of 0.8 and type I error of 0.05.^[@R13]^ To compensate for dropouts and deviation from normality, 241 patients were enrolled and assigned to 4 groups using a computer-generated randomized table. The 4 groups were: the female PRS group, the female PRD group, the male PRS group, and the male PRD group. Three of 54 female patients and 4 of 57 male patients from the PRS group were lost because of noncooperation; 2 of 55 female patients and 3 of 57 male patients from the PRD group were lost (Figure [1](#F1){ref-type="fig"}). The PRS and PRD patients received either propofol, remifentanil, and saline or dexmedetomidine for general anesthesia maintenance. We targeted an 80% probability (β=0.2) with a significance level of 0.05 and an ∼10% dropout rate. The maintenance syringe pumps were prepared by a different anesthesiologist to maintain this study as a randomized, double-blinded investigation. Postoperative evaluations were performed by another anesthesiologist. Patients matching the following criteria were included in this study: between 35 and 65 years old; an American Society of Anesthesiologists (ASA) grade I or II; and a weight of 45--85 kg. Patients were excluded if they had ischemic heart disease, opioid addiction, long-term alcohol abuse, long-term smoking history, sedative--hypnotic drug (s) use, obesity (BMI\>30), a history of postoperative nausea and vomiting, and neuropsychiatric diseases or a related treatment history. Patients were instructed in the use of the visual analog scale (VAS; 0, no pain, to 10, worst possible pain) and the *i.v.* PCA pump (50 mg morphine and 8 mg ondansetron in 100 mL saline, every pump press resulting in a 2 mL infusion). No important changes to the methods were made after commencement of the trial. Full details of the trial protocol can be found in the supplementary appendix.
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ANESTHESIA
==========

On arrival, electrocardiography, blood pressure, oxygen saturation, and the bispectral index (BIS) were monitored every 5 minutes. A BIS value \<60 was used to adjust the titration of anesthetics on the basis of amnesia. For induction, patients from both groups received midazolam (0.05 mg/kg), remifentanil (1--2 μg/kg), propofol (1.5--2 mg/kg), and cisatracurium (0.2 mg/kg). Immediately after intubation, the patients were ventilated with an oxygen and air mixture (FiO~2~ = 0.4) with a PetCO2 of 30 to 35 mm Hg. Intravenous infusion was switched to a maintenance syringe pump at a rate of 50 to 80 μg/kg/min for propofol, 0.15 to 0.2 μg/kg/min for remifentanil, and 0.4 μg/kg/h for dexmedetomidine. Cisatracurium (0.05 mg/kg) was intermittently used for muscle relaxation.

Data Collection
---------------

Patient demographic information was collected on admission. Hemodynamic indices and BIS were recorded during surgery every 5 minutes, and data from selected time points were used for analysis. Postoperative pain at rest and after cough was evaluated with a VAS at different time points postsurgery. PCA pump pressing numbers were noted.

Statistical Analysis
--------------------

All of the data in the present study were analyzed using GraphPad Prism software, version 5.0. Parameters such as age, weight, operation time, anesthesia time, PACU stay time, and morphine consumption were compared between 2 groups using an unpaired *t* test. VAS at different time points were compared between groups by *2-way ANOVA,* followed by *Bonferroni\'s post-test*. ASA grade and percentage of surgery types were analyzed with *Fisher\'s test*. *P* \< 0.05 was considered statistically significant.

RESULTS
=======

Demographic Data and Surgery/Anesthesia-Related Information
-----------------------------------------------------------

Patients from 2 groups (PRS and PRD) of the same sex had comparable demographic and surgery/anesthesia-related variables, including age, weight, BMI, ASA class, operation time, anesthesia time, and PACU stay time. Male patients had a larger body weight than female patients (Table [1](#T1){ref-type="table"}). The PRS and PRD patients received either propofol, remifentanil, saline, or dexmedetomidine for general anesthesia maintenance, and they received the same treatments for induction and PCA (Figure [2](#F2){ref-type="fig"}).

###### 

Basic Demographic Data and Surgery/Anesthesia-Related Information

![](medi-95-e3619-g002)
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Postoperative PCA Evaluation
----------------------------

After surgery, the patients received a morphine-based PCA pump. Postoperative pain was assessed with a VAS, and the pain-induced pump press number was used to calculate morphine consumption. During the first 24 hours, both female and male patients from the PRD group had a lower VAS score in both the resting state and the movement state (Figure [3](#F3){ref-type="fig"} A and B for females and Figure [3](#F3){ref-type="fig"}C and D for males, ^∗^*P* \< 0.05, ^∗∗^*P* \< 0.01, ^∗∗∗^*P* \< 0.001) compared to the PRS group. No differences were observed between the female and male PRD patients over time at either the resting state or the movement state (*P* \> 0.05).

![Twenty-four hour PCA evaluation and morphine consumption. (A) VAS scores at rest at different time points in the female PRS and PRD patients (^∗^*P* \< 0.05, ^∗∗^*P* \< 0.01). (B) VAS scores after coughing at different time points in the female PRS and PRD patients (^∗∗^*P* \< 0.01, ^∗∗∗^*P* \< 0.001). `(`C) VAS scores at rest at different time points in the male PRS and PRD patients (^∗^*P* \< 0.05, ^∗∗^*P* \< 0.01, ^∗∗∗^*P* \< 0.001). (D) VAS scores after coughing at different time points in the male PRS and PRD patients (^∗^*P* \< 0.05, ^∗∗^*P* \< 0.01, ^∗∗∗^*P* \< 0.001). (E) VAS scores at rest at different time points in the female and male PRD patients. (D) VAS scores after coughing at different time points in the female and male PRD patients. PCA = patient-controlled analgesia, PRD = propofol/remifentanil/dexmedetomidine, PRS = propofol/remifentanil/saline, VAS = visual analog scale.](medi-95-e3619-g004){#F3}

Postoperative Morphine Consumption
----------------------------------

Both female and male PRD patients consumed less morphine than their PRS controls (Figure [4](#F4){ref-type="fig"}A and B, ^∗^*P* = 0.0392, ^∗∗^*P* = 0.0041). Interestingly, the female PRD patients consumed comparable morphine amounts as the male PRD patients (Figure [4](#F4){ref-type="fig"}C). Because male patients had heavier body weights than female patients, we normalized the morphine consumption to their body weight and found that female PRD patients consumed significantly more morphine than male PRD patients during the first 24 hours after surgery (Figure [4](#F4){ref-type="fig"}D).

![Gender difference in morphine consumption. (A) Twenty-four hour PCA morphine consumption in the female PRS and PRD patients (^∗^*P* = 0.0392). (B) Twenty-four hour PCA morphine consumption in the male PRS and PRD patients (^∗∗^*P* = 0.0041). `(`C) Twenty-four hour PCA morphine consumption in the female and male PRD patients. (D) Normalized 24 hour PCA morphine consumption in the female and male PRD patients (morphine consumption was normalized to body weight, ^∗∗∗^*P* \< 0.001). PCA = patient-controlled analgesia, PRD = propofol/remifentanil/dexmedetomidine, PRS = propofol/remifentanil/saline.](medi-95-e3619-g005){#F4}

DISCUSSION
==========

In the present study, we found that intraoperative administration of dexmedetomidine had a stronger morphine-sparing effect in controlling postoperative acute pain in male patients than in female patients.

It is widely known that patients undergoing surgeries experience severe acute postoperative pain, which can lead to chronic pain.^[@R15],[@R16]^ Opioids, especially morphine-based patient-controlled analgesia, are widely used for pain control.^[@R17],[@R18]^ To combat the side effects, such as nausea, vomiting, and itching, studies have sought to identify novel drugs or to generate more information regarding combining the currently available drugs to reduce morphine consumption. Alpha 2 receptor agonists, such as clonidine (α2R:α1R at a ratio of 200:1), have been used as pain treatments for decades.^[@R19],[@R20]^ A recent study reported that α1 receptor activation encountered α2R-related analgesia and suggested that an agonist with higher α2R selectivity would show a more potent analgesic effect and would be more suitable for pain treatment.^[@R21]^ DEX is an α2R agonist that was developed in the 1990s, and it was first used as a short-term sedative in intensive care units.^[@R4]^ Clinical studies have confirmed its potential as an adjuvant for pain treatment, mostly in acute perioperative settings. This use suggests that DEX could be used for surgery-induced acute pain control.

Dexmedetomidine induces hemodynamic changes, such as hypertension, hypotension, and bradycardia, especially after a loading dose. Thus, in the present study, we administered a continuous infusion without a loading dose. In the present study, we combined dexmedetomidine with propofol and remifentanil to maintain the general anesthesia in patients undergoing spinal and abdominal colectomy, and we found that, in both female and male patients, intraoperative dexmedetomidine was helpful in relieving both resting and moving postoperative acute pain. Moreover, both female and male patients from the PRD group who received intraoperative dexmedetomidine consumed less morphine than those in the PRS group. The analgesic and opioid-sparing effects of dexmedetomidine have been well described in previous studies both in adults and children.^[@R7]--[@R9]^ Similar to the present data, these studies reported significantly lower VAS scores and morphine consumption and fewer morphine demands. Together with these findings, the present study indicates that intraoperative administration of dexmedetomidine could potentially be used to promote morphine-based PCA following general anesthesia surgery.

We observed comparable analgesic effects (comparable VAS scores) in the female and male PRD patients. Additionally, the female and male PRD patients consumed comparable amounts of morphine during the first 24 hours postoperatively. As the female PRD patients had smaller body weights, this indicated that female patients need more morphine to reach the analgesic state. Because male patients had heavier body weights than female patients, we normalized the morphine consumption to body weight, and the most interesting finding was that the female PRD patients consumed much more morphine than the male PRD patients. However, we did not see the same effect in PRS patients; male PRS patients still consumed more morphine than female PRS patients. Additionally, we did not observe any differences in normalized morphine consumption (see supplementary file). The mechanisms underlying this effect are still unknown. Animal studies reported that the action of estrogen attenuated α2-AR-mediated analgesia,^[@R12]^ and female patients had a higher prevalence of pain syndromes. Therefore, estrogen might be a factor that is responsible for this difference. Estrogen receptors are known to be expressed in the dorsal horn of the spinal cord and the trigeminal region, which are 2 important pain-modulating hubs.^[@R22],[@R23]^ Estrogen has been reported to decrease α2-AR mRNA expression levels and α2-AR binding density; therefore, it might directly decrease coupling of α2-AR to G proteins (Gi/Go).^[@R11]^ Future clinical and basic animal studies should be performed to investigate the underlying mechanisms.

A recent meta-analysis of human experimental and clinical studies suggested that female patients have a greater morphine efficiency, which indicated that male patients would consume more morphine at the same level of postoperative analgesia, and this was consistent with our findings in patients from the PRS groups. Unexpectedly, the present study reported a more significant morphine-sparing effect of dexmedetomidine following general anesthesia although dexmedetomidine resulted in significantly reduced morphine consumptions in both female and male patients. Clearly, the focus of these 2 studies is different: their study is focused on the morphine consumption and our study is focused on the morphine-sparing effect.

Our study may have some limitations. We used a VAS for postoperative pain evaluation. The numerical rating scale (NRS) is another well-established and widely used method for pain evaluation, and it was reported to be more reliable than the VAS in some cases.^[@R24]^ Our hospital is located on the demarcation line between North China and South China, and we received patients from different provinces. The heavy accents with which some patients spoke might have been a limitation to the use of the NRS. For example, some patients from South China often pronounce the number "10" ("Shi" in Chinese mandarin) as "Si" (which is the pronunciation of the number "4"). Furthermore, the anesthesiologists who performed this study also came from different provinces of the country. Thus, to avoid misunderstandings, we used the VAS to evaluate postoperative pain. Nevertheless, we suggest that the NRS be used in future studies if the conditions are applicable because it is easier to perform, saves more time, and is more reliable than the VAS.

Taken together, maintenance with dexmedetomidine (0.4 μg/kg/h) promoted morphine-based PCA and reduced morphine consumption in both female and male patients. Additionally, intraoperative administration of dexmedetomidine appeared to have a stronger morphine-sparing effect in controlling postoperative acute pain in male patients than in female patients. This study provided useful information regarding the future use of intraoperative dexmedetomidine for promoting the analgesic effects of morphine in patient-controlled analgesia.
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